MAGNIFYING OBSERVATION APPARATUS , METHOD FOR OBSERVING 
MAGNIFIED IMAGE, AND COMPUTER-READABLE MEDIUM 

Background of the Invention 

5 1 - Field of the Invention 

The present invention relates to a magnifying observation 
apparatus for photographing and displaying a magnified image 
such as a microscope, a method for observing a magnified image, 
and a computer-readable medium storing instructions for 
10 operating the magnifying observation apparatus. 

2. Description of the Related Art 

Today, optical microscopes using optical lens or digital 
microscopes are in use as magnifying observation apparatus which 

15 displaymagnif iedmicro-ob j ects . Amicroscope is equipped with 
a light receiving element such as a CCD for electrically reading, 
per pixel arranged two-dimensional ly, a reflected light or a 
transmitted light from an observation subject fixed to an 
observation subject fixing section incident via an optical 

20 system. The microscope displays on a display section such as 
a display an image electrically read using a CCD (for example 
see the Japanese Patent Laid-open Mo. 2000-214790). 

It is a common practice that an operator uses an imaging 
system such as a microscope to manually measure the dimensions 

25 of an image on the display. For example, when measuring a 
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dimension from one section to another on the screen, the operator 
specifies a single point on the screen with a pointing device 
such as a mouse and then specifies another point to perform 
measurement of the distance between the two points. 
5 However, in case dimensions are measured on the display 

by way of manual operation, there arise variations in the 
measurement results depending on the person who performed 
measurement. While an operator specifies the measurement 
points while watching the screen in manual operation, which 
10 points are to be specified as measurement points depends on 
the operator. For example, when a boundary is specified, which 
section is specified as a boundary depends on the operator. 
This results in variations between persons who perform 
measurement. Such variations cause measurement errors thus 
15 degrading the reproducibility of measurement . In particular, 
in case the diameter of a circle is to be measured, specification 
of measurement points is likely to be subject to variations. 
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Summary of the Invention 

The invention has been accomplished in order solve the 
aforementioned problems. it is an object of the present 
invention to provide a magnifying observation apparatus, a 
method for observing a magnified image, and a computer-readable 
medium storing instructions for operating the magnifying 
25 observation apparatus, which can eliminate errors between users 
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and obtain measurement results with high reproducibility based 
on predetermined standards. 

In order to attain the object, the invention provides, 
in its first aspect, a magnifying observation apparatus 
5 comprising: an imaging section for photographing an observation 
image; a display section for displaying the observation image 
based on an image signal acquired with the imaging section; 
an edge detection section for performing signal processing on 
the image signal acquired with the imaging section and detecting 

10 edge information on an edge contained in the observation image; 
a point indication section for indicating an arbitrary point 
in the observation image displayed with the display section; 
an edge extraction section for extracting an edge section on 
the periphery of the point indicated with the point indication 

15 section based on the edge information on the observation image ; 
and a highlight section for performing predetermined image 
processing on the edge section extracted with the edge extraction 
section and displaying the resulting edge section over the 
observation image. 

20 This configuration eases the decision of an edge section, 

eliminates variations between users and facilitates indication 
of points. 

The invention provides, in its second aspect, amagnifying 
observation apparatus according to the first aspect, wherein 
25 the edge detection section performs arithmetic operation of 
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geometric information on the detected edge section, and displays 
the geometric information on the display section, with this 
configuration, it is possible to display geometric information 
on the detected edge section, for example the information on 
5 the size and position of the edge section. 

The invention provides, in its third aspect, amagnifying 
observation apparatus according to the first aspect, wherein 
the edge detection section detects only the section matching 
a predetermined pattern in the edge information contained in 
10 the observation image. With this configuration, itispossible 
to easily select only a necessary edge section without being 
puzzled by an unnecessary edge. 

Theinventionprovides, in its fourth aspect, amagnifying 
observation apparatus according to the third aspect, wherein 
15 the predetermined pattern is at least one of a straight line, 
a circle, and an arc. With this configuration, the user can 
easily select a pattern such as a straight line. 

Further, the invention provides, in its fifth aspect, 
a magnifying observation apparatus according to the first 
20 aspect, wherein the magnifying observation apparatus further 
comprises an arithmetic operation section for executing 
predetermined arithmetic operation based on the extracted edge 
section, with this configuration, it is possible to execute 
arithmetic operation of the distance and area based on the 
25 uniquely extracted edge section, thus obtaining arithmetic 
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operation results with high reproducibility. 

The invention provides, in its sixth aspect, a magnifying 
observation apparatus according to the fifth aspect, wherein 
the point indication section indicates a pluraiity of points 
5 in a singie observation image to seiect a plurality of edge 
sections and the edge extraction section extracts the respective 
edge sections corresponding to these points, and wherein the 

aritta ^=operationsectionexecutespredeterminedarithmetic 
operation based on the selected edge sections and display the 
10 result of arithmetic operation on the display section, with 
this configuration, it is poss ible to execute arithmetic 
operation of the length, inclination and area baaed on one or 
a Plurality of edge sections. For example, it t . possible fQr 
any user to execute arithmetic operation of the area of a 
15 specified region or distance between specified two points, with 
the same results obtained. 

The invention provides, in its seventh aspect, a method 
for observing a magnified image which uses a magnifying 
observation apparatus comprising an imaging section for 
20 Photographing an observation image and a display section for 
^playing the observation image based on an image s ig nal 
-guired with the imaging section, the method comprising- 
performing signal processing the image signal acguired with 
the imaging section and detecting edge information on an edge 
25 contained in the observation image; indicating an arbitrary 
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point in the observation image displayed ^ ^ 
action; extracting an edge sect . on Qn psr . phery of ^ 
Point indicatedbasedon the edge in£oraationon the 
«age; and performing predetermined image processing on tha 
5 edge .action e*tracte d anddis pl aying the resulting edge 
over the observation image. 

This configuration eases the specification of an edge 
section with high reproducibility. 

The invention provides, in lts eighth aspect , , ^ 
for observing . magnified iaage accordlng ^ ^ ^ 

"herein the method further comprises performing arithmetil 
operating of geometric information on the detected edge section 
anddispiaying the geometric information on tha Oisplaysection 
With this configuration, tha user can chec* the information 
15 on the desired edge section. 

The invention provides, in its ninth aspect, a method 
tor observing a magnified image according to the seventh aspect 

Wherein theedgedetectionstepdetectsomythesectionmatching 
a predetermined pattern in the edge information contained i„ 
the observation image. With this configuration, it is possible 
to easiiy attract oniy a desire, edge section without 
inadvertentiy extracting an unnecessary edge section. 

The invention provides, in its tenth aspect, a method 
tor observing a magnified image according to the ninth aspect, 
"herein the predetermined pattern is at lsast 0Be o£ . 
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line, a circle, and an arc. With this configuration, the user 
can easily select a pattern such as a straight line. 

Further, the invention provides, in its eleventh aspect, 
a method for observing a magnified image according to the seventh 
5 aspect, wherein the method further comprises executing 
predetermined arithmetic operation based on the extracted edge 
section. With this configuration, it is possible to easily 
and uniguely select an edge section, thus obtaining arit hm etic 
operation results with high reproducibility based on the 
10 selected edge section. 

The invention provides, in it. twelfth aspect, a method 
for observing signified image according to the eieventh aspect 
wherein the indication step indicates a plurality of points 
» a singie observation image to select a piurality of edge 
15 sections and the extraction step extracts the respective edge 
sections corresponding to these points, and wherein the 
arithmetic operation step executes the arithmetic operation 
based on the seiected ed,e sections and dispiays the results 
of the arithmetic operation on the display section. With this 
20 configuration, the user can easily obtain the arithmetic 
operation results on one or a plurality of edges . Fol - exanple , 
the user xnows the area of a specified region or distance between 
specified two points from the screen. 

The invention provides, i„ its thirteenth aspect 
» computer-readable medium storing instructions for operating 
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the magnifying observation apparatus an imaging secti on for 
Photographing an observation image and , display section £or 
displaying the observation image based on an image signal 
aeguired with the imaging section, the instructions comprising ; 
5 performing signal processing the an image signal aeguired with 
the imaging section and detecting edge information on an edge 
contained in the observation image; indicating an arbitrary 
point in the observation image displayed with the display 
section; extracting an edge section on the periphery of the 

10 point indicated based on the edge information on the observation 
image; and performing predetermined image processing on the 
edge section extracted anddispUying the resulting edge section 
over the observation image. 

This configuration uniformly determines an edge section 

15 thus obtaining high reproducibiiity without variations between 



users. 



The recedingmedia include magnetic disks, optical discs, 
magneto-optical disks, and other media such as semiconductor 
memories which can store programs, for example, CD-ROM, CD-R 
20 CD-rw, or flexibledisc. andmagnetic tape. Mo, dvd-rc, dvd-r^. 

DVD-R, DVD-RW, DVD+RW. 

Brief Description of the Drawings 

Fig . 1 is a genera! view showing themagni tying observation 
25 apparatus according to an embodiment of the invention; 
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Fig. 2 is a block diagram showing the magnifying 
observation apparatus according to an embodiment of the 
invention; 

Figs . 3A and 3B are image drawings showing a display example 
5 of an extracted edge section according to an embodiment of the 
invention; 

Figs. 4A and 4B are image drawings showing another 
display example of an extracted edge section according to an 
embodiment of the invention; 
10 Fig. 5 is an image drawing showing a display example of 

extracted edge sections according to an embodiment of the 
invention; and 

Fig. 6 is a flowchart showing the operation of the 
magnifying observation apparatus according to an embodiment 
15 .of the invention. 

Detailed Description of the Invention 

Embodiments of the invention will be described referring 
to the drawings. The following embodiments illustrate a 

20 magnifying observation apparatus, a method for observing a 
magnified image, and a computer-readable medium storing 
instructions for operating the magnifying observation 
apparatus, used to embody the technical thoughts of the invention . 
Note that the invention is not limited to the following 

25 magnifying observation apparatus, method for observing a 
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magnified image, and computer-readable medium storing 
instructions for operating the magnifying observation 
apparatus . 

The specification does not limit the members defined in 
5 the claims to those in the embodiments. The si ze of each member 
and relation between the members are exaggerated depending on 
the drawings for simplicity. 

Connection between the magnifying observation apparatus 
used in the embodiment of the invention and a computer, printer, 
10 an externa! storage device and other peripherals for performing 
processing including operation, control, and display is made 
electrically, magneticaUy or optically to perform 
communications via, for example, serial connection such as 
IEEE13 S 4, RS-232* andRS-422, and uBS, parallel connection, 
15 or a network such as 10BASE-T, 100BASE-TX, and 100BASE-T. The 
connection is not limited to a wired physical connection but 
maybe a wireless LAN such as IEEE802 . llx or wire!ess connection 
using radio waves, infrared rays or optical communications such 
as Bluetooth. A medium for exchanging data and saving the 
20 setting may be a memory card, a magnetic disk, an optical disc, 
a magneto-optical disk, and a semiconductor memory. 

The magnifying observation apparatus according to the 
embodiment of the invention win be described using Figs. 1 
through 6. as shown in Fig. !, the MJolfjll , observation 
25 apparatus comprises an illumination section 60 for illuminating 



an observation subject, an imaging section 10 for photographing 
the observation subject illuminated with the illumination 
section 60/ and a display 52 for displaying a Unified image 
photographed with the imaging section 10. 
5 To be more specific, as shown in Fig. 2 , the imaging section 

10 comprises a stage 30, a stage elevator 20, a CCD 12 as an 
image pick-up element, and a CCD control circuit 13 . The stage 
30 mounts the observation subject S as a form of an observation 
subject fixing section. The stage elevator 20 moves the stage 
10 30upanddown. The CCD 12 electrically reads per pixel arranged 
two-dimensionally a reflected light or a transmitted light of 
a light which is incident into an observation subject fixed 
to the stage 30 via an optical system. The CCD control circuit 
23 performs drive control of the CCD 12 . Further, an information 
15 processor 50 as a main unit of the magnifying observation 
apparatus is connected to the imaging section 10. The 
information processor 50 comprises a memory 53 as an image data 
storage, the display 52 such as a display and a monitor as a 
form of display mean, an input section 55, and a controller 
20 51. The memory 53 stores image data electrically read by the 
image pick-up element. The display 52 displays an image based 
on the image data electrically readby the image pic k -up element . 
The input section 55 performs operations such as input based 
on a screen displayed on the display 52. The controller 51 
25 performs processing Such as image processing based on the 
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infection input with the input section 55 
The input section 55 ig cQupied ^ a 

or w.reless connection, or fixed to th 

tixed to the computer. A general 
input section 55 includes, f or examt)] A 
s example, a mouse or a JcevboarH 

U*t-pen, . ten-*e y pad/ . touch 91t "«- * 

<-« paa, and an acupoint Th» 
input section 55 nay be used to operate 

uperate a program for operati 
-9-xyin, observation apparatus as weU 
10 observ„n„ the "» a 9ni£ying 

. """"" ^ rther , . t J 

screen or touch Pa „ el may be used as , 

Interfax Q ispiay to provide an 

ert ae9 screen so thet tbe user can d irect ly touch tbe screen 
~- han d tor in P ut or operation. Alt _ y , J 
t or a „ y other esistin, input _ or . 

i& these may be used, m the P » a ^i 

j." me example of Ficr i +-k« ■ 
« . ig * *' the in Put section 

is a mouse 55a. 

1 shows en externa! view ox . magnif ylng observatiM 
™~ gtoane ^ odiBentoftheinv6ntion _ ^ 

.0. co m prisin g an optica! sysCam and an 

vertical fromastand41 . ^ ^ ^ 

r sta9eei — - -----is attach. th e 

^ the sta?a elsvatM 20 connected ^ Md 
* - motion processor 50. Ihe in^tion P rocessor 
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50 comprises the display 52 and the input action 55 such as 
a mouse 55a. On the display 52 are displayed an observation 
rmage display 52A and an observation image 52a. 

A computer 70 may be connected to the magnifying 

5 observation apparatus as the infomwH^ 

e ^rormation processor 50. By 

separately -installing a program for operating the magnifying 
observation apparatus in the computer 70, the magnifying 
observation apparatus may be operated from the computer 70 
in the specification, the program for operating the magni £ying 
10 observation apparatus using a computer indudes an operation 
Program installed in a general-purpose or dedicated computer 
externally connected to the magnifying observation apparatus 
and an operation program incorporated into the information 
Processor 50 as a controUer of the magnifying observation 
15 apparatus. m the magnifying observation apparatus, an 

operationfeatureoroperationprogr^to operate themagnifying 
observation apparatus is previously incorporated. The 
operation program may be instailed into the magnifying 
observation, apparatus in the form of rewritable software or 

20 firmware or may be updated as reguired. Thus, in the 
specification, a computer to execute a program for operating 
the magnifying observation apparatus lncludes the magnlfylng 
observation apparatus itself. 

Fig. 2 shows a block diagram of the magnifying observation 

25 apparatus according to an embodiment of the invention. The 
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information processor SO comprises the display 52 as display 
section, the memory 53, an interface 5,, and the input section 
55. The memory 53 stores a control program, focal length 
information, l ight reception dafca and . ^ 

5 information. The information processor 50 communicates with 
the camera io a and the stage elevator 20 via the interface 5,. 
The operator performs operation concerning the magnifying 
observation apparatus using the input section 55. The stage 
elevator 20 comprises, for example, a stepping motor 21 and 
10 a motor control circuit 22 for controlling elevation of the 
stepping motor 21. The imaging section 10 comprises, for 
example, a light receiving element such as the CCD 12 serving 
as. an image pick-up element, the CCD controller circuit 13, 
and an opt i cal system 1 1 . The CCD controller cir cui 1 1 3 perf orzns 
15 drive control of the CCD 12. The optical system n ^ ^ 
the CCD 12 an image of a reflected light or a transmitted light 
of a light irradiated onto the observation subject S placed 
on the stage 30 from the illumination section 60. 

The imaging section 10 can further comprise pixel shift 
20 means to obtain a resolution exceeding the resolution of the 
CCD 12 by way of pixel shift. The pixel shift is a process 
of compounding an image and another image obtained by 
Photographing the sub j ect with half pixel pitch shifted in order 
to obtain a higher resolution. Representative pixel shift 
25 mechanisms include the CCD drive syst em to shift an image pick-up 
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element the LPF inclination system to incline lpf, and the 
lens shift system to shift a lens. In Pi,. 2 , aB optical path 
shift section 14 is provided for optically shifting the incident 
li 9 ht path of a reflected Ught a transmitted light of incident 
5 onto the CCI> 12 from the observation subject 3 fixed to the 
stage 30 via the optical system H, at least in a single direction, 
at a distance smaller than the interval between two adjacent 
Pixels of the CCD 12 in the direction. The mechanisms or 
approaches for enabling the pixel shift are not limited to the 
10 aforementioned configurations but well known methods, and 
methods to be developed in future may ba available. 

The information processor 50 inputs control data on the 
control of the stepping motor 21 into the motor control circuit 
22 to vary the relative distance between the stage 30 as an 
15 observation sub 3 ect fixing section and the camera 10a comprising 
the optical system 1 1 and the CCD 12 as a light receiving element 
in the optical axis direction, or height in the z direction 
in this example. In particular, the information processor 50 
inputs control data necessary to control the stage elevator 
20 20 into the motor control circuit 22 to control rotation of 
the steppingmotor 21 and elevates/lowers the height z (position 
in the z direction, of the stage 30. The stepping motor 21 
generates a rotation signal in accordance with the rotation. 
Based on the rotation signal inputted via the motor control 
25 circuit 22, the information processor 50 stores the height z 
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of the stage 30 as information on the relative distance between 
the observation subject fixing section 30 and the optical system 
11 in the optical axis direction. While the relative distance 
between the observation sub j ect fixing section 30 and the optical 
5 system 11 in the optical axis direction is varied by varying 
the height of the stage 30 in this embodiment, the stage 30 
maybe fixed and the height of the optical system 11, for example 
the height of the camera 10a may be varied. 

The CCD 12 can electrically read the quantity of received 
10 lightperpixelarrangedtwo-dimensionally (x and y directions) . 
The image of the observation subject S formed on the CCD 12 
is converted to an electrical signal in each pixel in accordance 
with the quantity of received light and converted to digital 
data in the CCD control circuit 13 . The information processor 
15 50 stores into the memory 53 the digital data from the CCD control 
circuit 13 as light receiving data D together with the pixel 
arrangement information (x, y) as the two-dimensional position 
information of the observation subject in a plane (x and y 
directions in Fig. 2) approximatelyperpendicular to the optical 
20 axisdirection( z di r ectioninrig. 2) . The plane approximately 
perpendicular to the optical axis direction need not be a plane 
strictly at a right angle from the optical axis but may be an 
observation plane within the range of inclination where the 
shape of the observation subject can be recognized at the 
25 resolution of the optical system and the light receiving element . 
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While the observation subject is placed on the stage as 
an example of observation subj ect f ixingsection in the foregoing 
description, an arm may be attached instead of the stage and 
the observation subject may be fixed to the tip of the arm. 
5 The camera 10a may be attached to the camera attaching section 
43 as mentioned earlier, and may be detachable and arranged 
at a desired position and a desired angle by holding the camera 
with hands. 

The illumination section 60 shown in Fig, i comprises 
0 an incident-light illumination 60A for irradiating an incident 
light and a transmitting illumination 60B for irradiating a 
transmitted light. These illuminations are connected to the 
information processor 50 via the optical fiber 61. The 
information processor 50 comprises a connector 62 for connecting 
' thS ° PtiCal f iber 61 and i-orporates a light source (not shown) 
for transmitting a light to the optical fiber 61 via the connector 
62. The light source may be a halogen lamp. 
[Controller 51] 

The controller 51 functions as an edge detection section 
for performing signal processingon an image signal and detecting 
edge information, and an edge extraction section for extracting 
an edge section on the periphery of the points indicated with 
a mouse based on the edge information. The controller 51 also 
functions as a highlight section for performing predetermined 
image processing on the edge section extracted and displaying 
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the resulting edge section over the observation image, and an 
arithmetic operation section for executing predetermined 
arithmetic operation based on the extracted edge section. 
[Edge detection section] 
5 The controller 51 as edge detection section detects edge 

information on an edge contained in an observation image. The 
edge information includes position information on the 
coordinates such as the ends, or the starting point and endpoint 
of an edge, radius and center, and information on the size. 
10 The edge information may include information on the observation 
image, such as the image size and date of recording. Moreover, 
the results of predetermined arithmetic operation are recorded 
as edge information. The results of predetermined arithmetic 
operation are for example the area of a selected region, a 
15 distance between regions, and inclination. 

in the specification, an edge refers to the boundary of 
an image extractable by image processing. The shape of an 
observation subject need not have an edge. For example, in 
case a pattern is drawn in a plane, the contour of the pattern 
constitutes an edge in the specification. 

To detect edge information, the controller 51 performs 
noise removal processing on the binary image data comprising 
the binary data D' obtained by conversion of the light receiving 
data D into binary data in the CCD converter circuit 13 and 
the pixel arrangement information (x, y) . The controller 51 



18 



further determines a boundary in the binary image data which 
has undergone noise removal processing and extracts the boundary 
as edge information. Then the controller 51 extracts patterns 
of geometric shapes such as a straight line, an arc, a circle, 
5 and an ellipse based on the characteristics of continuity of 
edge information in the plane where pixel are arranged. The 
controller 51 performs arithmetic operation of geometric 
numerical values representing the characteristics based on the 
types of geometric shapes such as the straight line, arc, circle, 
10 and ellipse detected. 

The geometric numerical values include, for a straight 
line, ananglewithrespecttoahorizon, length of a line segment, 
starting point coordinates and endpoint coordinates on the 
screen. For an arc, the geometric numerical values include 
15 the starting point angle and the endpoint angle of an arc with 
respect to a horizon, length of the arc, radius of the arc, 
^d center coordinates of the arc on the screen on the display 
52. For a circle, the geometric numerical values include the 
length of a circle, radius of the circle, and center coordinates 
20 of the circle. For an ellipse, the geometric numerical values 
include themajor axis andminor axis of an ellipse, f oci distance 
of an ellipse, focal coordinates, and circularity. The edge 
information detected in this way is stored into the memory 53. 
Detection of an edge is not limited to the aforementioned 
25 method. As image processing for extracting an edge section 
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from an observation image, well known methods and methods to 
be developed in future are available. The controller 51 may, 
by way of software, read image data stored in the memory 53 
as an image data storage and perf ormbinary image data conversion, 
5 noise removal and edge detection to detect an edge section. 
Alternatively, the controller 51 may comprise, as a hardware 
design, a binary image data converter circuit, a noise removal 
circuit and an edge detector circuit to detect an edge section. 
A combination of software and hardware approaches may be used. 
10 The information processor 50 stores the coordinates of aboundary 
at an edge section such as a straight line, an arc, a circle 
and an ellipse thus detected into the memory 53 as edge 
information. 
[Edge extraction section] 
15 From the edge information thus obtained/ the controller 

51 further extracts only an edge section positioned in close 
proximity to the specified point. When the user specifies one 
point of an observation image as apoint by way of point indication 
section, the edge extraction section searches for and extracts 
20 an edge section on the periphery of the point. The point 
indication section for indicating a point may be a pointing 
device such as a mouse 55a. The point is indicated with a mouse 
cursor c on the display 52, as shown in Figs. 3 through 5. For 
the timing of extraction of an edge section may be an arbitrary 
25 timing specified by the user with a click on the mouse. 
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Alternatively, an edge section may be automatically extracted 
by the approach of the mouse cursor. 

Extraction of an edge is made within a predetermined range 
using the point as a reference. Fo r exampie, edge extraction 
5 is determined based on the shortest distance between the 
coordinates indicated by the mouse cursor C and the coordinates 
of a boundary in the edge section. The shortest distance is 
may be specified as a preset value or may be arbitrary set 
by the user. Alternatively, it is determined whether an edge 
10 section is contained in a circie having a predetermined radius 
"hose center is the point or a rectangle region having vertices 
aspoints. incasoanedgesectionis contained, the edge section 
1. selected and undergoes the bigbligbt processing mentioned 
later. Io case . Qf ^ ^ 

tbey are fudged in predetermined order. F or exampie, only the 
edge section ciosest to the point is seiected. In case an e(jge 
section is not contained in close proximity to the point, no 
edge sections are selected. F or exampie, different screen 
messages may be dispiayed between a case where an edge section 
^ selected and a case where one is not selected. Asoundeffect 
orvoiceguidancemaybeused. Aiternatively, an aiarmmessage 
»*y be dispiayed on the screen or an alarm sound may be issued 
tor guidance only in case an edge section ^ ^ 

FUrth6r ' 8 S " eCti0 " "lied snap feature may 

be empioyed: the end or midpoint of an edge, center or center 
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of gravity of a region enclosed by an edge are extracted as 
characteristic points for automatic selection. In this case, 
the mouse cursor C may move to trace the selected characteristic 
points, or only selection may be made without travel of the 
5 mouse cursor C. The characteristic points to be extracted may 
be geometric graphic information on the edge section or 
graduations of a ruler, grid line, or arbitrary guide line 
provided on the display 52. Which characteristic points are 
to be selected or selected on a preferential basis may be 
10 determined by the user. The snap range may be specified by 
the user. 

[Highlight section] 

The edge section thus extracted and selected undergoes 
predetermined imageprocessingby the controller 51 ashighlight 
15 section and displayed over the observation image . The highlight 
processing is made on the geometric shapes such as a line segment 
or an arc extracted as and edge. To be more specific, the 
processing performs color conversion, or changes the color of 
the edge section or colors the edge, represents the edge in 
dotted lines or bold lines, and causes the edge to blink. 
Alternatively, iraage processing may be done to increase or 
decrease the brightness of the image data in the edge section. 
The edge section which has undergone highlight processing is 
displayed over the original observation image, so that the user 
can visually understand which edge has been selected. 
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[Arithmetic operation section] 

The controUer 51 aleo f unctions aa aritWtic 
action ^ e*ecutin„ r e d eten.ine d ^ 
on the aeieoteo edg e section. Ihe piedetemined 
aeration inches opatation Qf ^ ^ ^ ^ 

These undergo arithmetic operatiQn fcased m 
Position o t tbe selected edge secUon _ ^ 

an e dg e aection is un iquely sal e«e dby way of ^ 

so tbat the arittoetic Qperation resuus ^^^^ ^ 
on this sanction is indapendent of ^ ^ 

~MU ty . .^^^^ 
-«-t« operation hase d on . plurallty o£ ^ ^^^^ 

Por e^e, the shortest distMce from ^ 
an eo g e, aistanee between center ^ ^ ^ 
the Stance of . ^ mmmt ^ 

Stance between the specified two points Mv b. • , 

^Ancs may be easily made 

by any user with the same results . Which arith. «■ ■ 

wnacn arithmetic operation 

to be Performed may be individual! u *o*- • 
9n aivioually determined by the user 

- arithmetic operation to be perform may be ^ „ ^ 

«>e ti» in9 of arithmetic Qperation ^ spscified ^ ^ ^ • 

on en a r bitrar y baais or automatical dlsplayed ^ an 

nfo»ation di a Pl a yt e 3 io» 52 c„ h ent h ea dg eaection 1 a3e 1 ecte d 
A e n« cUck Qf nouse ^ ^ ^ ^ ^ ^ ^ 

an d a d onbie c»c k to perfora arit^etic operation 
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[Selection of edge section] 

Next, the procedure to select an edge section contained 
in an observation image will be described referring to Figs. 
3A through 5. m these figures, the edge section of an image 
close to the point specif iedby apointing device 55a is displayed 
while highlighted on the display 53. Figs. 3A and 3B are general 
views showing edge extraction of a straight line L. Fig. 3A 
shows an original observation image. Fig. 3B shows the image 
over which is displayed the extracted edge of the straight line 
L being highlighted. 

To obtain the observation image of Fig. 3A, the focus 
is adjusted and the height * of the stage is determined. Then 
a magnified image is read using the camera 10a. In Fig. 3A , 
the point (mouse cursor C) in the image indicated.by the pointing 
device 55a indicates a position apart from the edge section 
in the image. The image stored into the memory 53 as an image 
data storage is displayed on the display 52 without the edge 
section being highlighted. Next, in Fig. 3B, the mouse cursor 
C indicates the periphery of the straight line L as an edge 
section of the image. The edge section detected by the 
controller 51 is highlighted and displayed on the display 52 
for example as a straight line color-converted to red (straight 
line L in dotted lines in Fig. 3) . 

In this practice, the controller 51 performs arithmetic 
operation of the geometric information H on the straight line 
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L. for example "straight line" as the type of geometric shape, 
"angle- with respect to a horizon on the screen on the display 
52 and "length of line segment" on the screen as numerical values 
concerning geometric shape. Such information is displayed as 
5 edge information in the information display region 52c o, the 
display 52. 

Next, edge extraction of an arc A i s described referring 
to Figs. 4A and 4B. Fig . 4A is a general ^ Qf ^ 

image containing the arc. Fig. 4B is * i 

y ' a general view of a 

10 highl igh ted image of Fig . < A . Fig . 4A sh0 „ s ^ ^ ^ ^ 
the camera 10a when the focus is adjusted and the height , of 
thestageisdetermtned. mrig. 4A, the mouse cursor c indicates 
a position apart from the edge section in the image. The image 
stored into the memory 53 as an image data storage is displayed 

15 on the display 5 2 without the edge section oeing highlighted 
»axt, in 4B , the M0use cursor c ind . cates ^ 

ot the arc A as an edge section of the image. The edge section 
ejected hy the controller 51 is highlighted and displayed on 
the display 53 for example as an arc color-converted to red 

20 (arcArepresentedindottedli B esinrig.4B,. !n this practice 
the geometric information H on arc A, for example arc as the 
type of geometric shape, starting point angle and endpoint angle 
«lth respect to a horizon on the screen on the display 52, ana 
length o, the arc and radius of the arc are displayed as numerical 

25 values concerning geometric shape. 
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Fig. 5 shows a case where a plurality of edge sections 
are selected and arithmetic operation is performed based on 
the selected sedge sections. In Fig. 5, edge extraction is 
selected on two circles Al, A2 on the display 52 . The distance 
between the centers of these circles and the angle formedbetween 
the straight line connecting the centers and a horizontal plane 
are displayed in the information display region 52C. In Fig. 
5, the circle Al as an edge section detected with the indication 
of the mouse cursor C is highlighted. The geometric information 
on the circle Al is displayed in the information display region 
52C on the display byway of operation such as a double click. 
Meanwhile, the circle A2 as an edge section detected with the 
indication of the same mouse cursor C is highlighted. The 
geometric information on the circle A2 can be also displayed 
in- the information display region 52C on the display by way 
of operation such as a double click. 

In this way, on the magnifying observation apparatus 
according to an embodiment of the invention, the controller 
51 can detect a plurality of edge sections and set the geometric 
information as a target to be displayed on the display. The 
edge sections whose geometric information are set as a target 
to be displayed on the display may undergo highlight processing 
different from that on the edge section detected with the 
indication of the mouse cursor c. For example, the edge sections 
extracted and selected undergo color conversion into red. The 
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edge sections whose geometric information is set as a target 
to be displayed undergo color conversion into blue. The 
controller 51 performs arithmetic operation of geometric 
numerical values between the two circles Al, A2 and displays 
5 on the display 52 the values as the geometric information on 
the regions between edge sections subjected to arithmetic 
operation. The geometric numerical values between the two 
circles Al, A2 include the distance between the centers of 
circles and the angle of the straight line connecting the centers 

10 of the circles with respect to a horizon on the screen on the 
display 52. When the edge sections are a circle and a straight 
line, for example, a normal may be drawn from the center of 
the circle to the straight line or a tangent from the end of 
the line segment toward the circle, then the length and 

15 inclination of these lines may undergo arithmetic operation 
for later display. 

While the geometric numerical values on the circles as 
two edge sections undergo arithmetic operation in this example, 
it is possible to extract more than two edge sections and perform 

20 arithmetic operation of the geometric numerical values between 
the edge sections, then display the results on the display 52. 
The geometric numerical values between the edge sections are 
not limited to the distance between the centers of the circles 
and the angle of the straight line connecting the centers. It 

25 can include a variety of geometric numerical values such as 
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the shortest distance between the centers of the circle and 
the arc and the straight line, the shortest distance between 
the circumference of the circle and the arc and the straight 
line, and the angle formed between two straight lines. 
5 [Edge section selection procedure] 

Next, the operation of the magnifying observation 
apparatus according to an embodiment of the invention will be 
described. Fig. 6 is a flowchart showing the operation of the 
magnifying observation apparatus according to an embodiment 
10 of the invention. When the magnifying observation apparatus 
is activated, a camera 10a, a stage elevator 20 and an information 
Processor 50 are initialized (step SI). Next, the point in 
the image displayed on a display 52 is indicated by a pointing 
device 55 a (step S2) . 

15 Next, it is determined whether an edge section previously 

detected by the controller 51 is present on the periphery of 
a point indicated by the pointing device 55a (step S3). 
Determination on whether an edge section is present on the 
periphery of the indicated point is made by determining whether 

20 the shortest distance between the indicated point and the edge 
section is below a predetermined value. 

When it is determined that an edge section is present 
on the periphery of a point indicated by the pointing device 
55a in step S3, the edge section undergoes color conversion 

25 to red as highlight processing and displayed on the display 
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52 (step S4) . When a plurality of edge sections are present 
on the periphery of the indicated point, the edge section whose 
shortest distance is the smallest undergoes highlight 
processing first and displayed on the display 52. In case it 
is determined that an edge section is absent on the periphery 
of the point indicated by the pointing device 55a in step S3, 
execution proceeds to step S2 and the same operation is repeated. 
In step S4, the edge section which has undergone highlight 
processing and is displayed is selected. Then the edge section 
is set as a target of arithmetic operation of geometric 
information on the edge section, and the corresponding geometric 
information is displayed (step S5) . 

The foregoing example shows a case where the edge section 
color-converted to red as highlight processing and displayed 
is selected, and is set as a target of arithmetic operation 
of the geometric information on the edge section. The edge 
section whose geometric information is to be displayed on the 
display may be set by way of setting operation such as a double 
Click. With this configuration, in case the controller detects 
a plurality of edge sections, the operator can use setting 
operation such as a double click to select as reguired the edge 
section whose geometric information is to be displayed on the 
display, m this case, the edge section set as a target whose 
geometric information is to be displayed on the display 
preferably undergoes highlight processing different from that 
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on the edge section detected with the indication of the mouse 

cursor C, for example color-converted to blue before it is 

displayed. with this configuration, the operator can 

discriminate between the previously set edge section 

5 (represented inblue) and the edge section to be set (represented 
in red) . 

While a case where a reflected light from the sample of 
an observation subject fixed to the observation subject fixing 
section is electrically read in the foregoing embodiment, a 
0 light may be irradiated from behind the sample and the 
transmitted light may be electrically read. While the sample 
is placed on the stage as an example of the observation subject 
fixing section, an arm may be attached instead of a stage and 
the sample may be fixed to the tip of the arm. 
> While an edge is extracted automatically and highlighted 

on the display when the mouse cursor C is brought closer, an 
edge may be extracted only in case some requesting operation 
is made, for example, a click of mouse. 

The processing in the embodiment may be executed by way 
of program software executable on a computer or hardware such 
as a predetermined gate array (FPGA and ASIC) . The processing 
-ay be executed by way of a combination of program software 
and partial hardware modules to implement part of components 
in Figs, l and 2 . In case hardware . fl ^ 

need not be identical with the configuration shown in Figs. 
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1 a» d 2, but the components whose £eatures Me ^^^^^^ 

^enticai a nd the components e qui p ped „ lth the £esture Qf ^ 
PWUy of components shown in Figs . 1 mi 2 inciud ^ 
m the invention. 
' As mentioned earlUr< according ^ a ^ 

enervation apparatus, a method f or observin, the ma g n ifi e d 
— . and a computer-rea.abie medium stori„ g detractions for 
operatin, the ma g ni fy in g observation apparatus. acc ording to 
-e invention, it ie possibie to detect an e dg e section in an 
observation ima g e photo.raphed. pe^orm ima ge ptocessing ^ 
as hi.hii.ht processin. on the ima ge , an d dlsplays the resuitin. 

«ith this con £ i gU ration, it ispossibie to easi lyde tect 
an e dge section such as a circie an d a strai g ht ii„ e an d ani gU ei y 
Oetermine the e dg e section. Ihis allows any ^ ^ 

the measurement resuits a nd arithmetic operation resuits with 
high reproducibility. 
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